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PURPOSE:To provide a static electric chuck with strong attracting force by using Ti02 with hiqh 
dielectnc constant for a dielectric layer. y =» ny 1 1^^ wun nign 

Sl!^ilp^^^^ '^^y''^ .^^^P^^^d of a dielectric on an upper layer, an electrode on a 

?^l?nJA^MPn A ^^'^ ^^^'"^ ^ '^y^'- ^'^^ ^^ose vo'u^e resistivity exceeds 
Ip in th?^tm^^^ ^^"^^^ the dielectric on this upper layer and an Ag system conductor which can 
fire in the atmosphere serves as the electrode on the middle layer. The reason why the Ag system 

atmosphere serves as the electrode on the middle layer rs'that when It is 
fired in an nactive gas or a reducing atmosphere, the volume resistivity of Ti02 which is the diSc on 

0<in>nM^^^^^^^ ^^^^ b^^^^^ the dielectric beyond 

1 0<10>OMEGA cm and the Ag system dielectric with a low temperature can be used Dielectric 
1 n'"."^^^^^^^^ o Ti02-M205 (M=Nb. Sb. Ta) having the volume resistivity lower San 

10<5>OMEGA.cm instead of the Ag system dielectric serves sometime as the electrode on the middle 
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[Title of the Invention] 

ELECTROSTATIC CHUCK AND PRODUCTION METHOD THEREOF 
[Abstract] 

[Object] To provide an electrostatic chuck with high absorbing force by 
employing a ceramic with high dielectric constant for a material of a 
dielectric in the electrostatic chuck in place of a conventional alumina 
ceramic, and a production method thereof. 

[Constitution] An electrostatic chuck comprises three layers of a dielectric 
layer, electrode layer and substrate layer. The dielectric layer is Ti02 with 
high dielectric constant, and the electrode layer is the same ceramic as the 
material of the dielectric layer and substrate layer in place of a metal such 
as Ag. 

[Claims] 

1. An electrostatic chuck comprising a dielectric for an upper layer, 
an electrode for a middle layer, and a substrate for a lower layer, wherein 
Ti02 (titanium oxide) with a volume resistivity exceeding lO^o fl • cm is used 
for the dielectric layer and the electrode is a Ag-based conductor possible to 
be fired in atmospheric air. 

2. An electrostatic chuck comprising a dielectric for an upper layer, 
an electrode for a middle layer, and a substrate for a lower layer, wherein 
Ti02 (titanium oxide) with a volume resistivity exceeding 10^^* ^ • cm is used 



for the dielectric and the electrode is made of a conductive ceramic of 
Ti02-M203 (M = Nb, Sb, Ta) with a volume resistivity lower than lO^ Q. • cm. 

3. The electrostatic chuck according to claim 2, wherein the content 
of M2O3 in the conductive ceramic is 1 to 5 mol%. 

4. The electrostatic chuck according to claim 1, 2 or 3, wherein the 
substrate is made of Ti02 with a volume resistivity exceeding lO^^ Q. • cm. 

5. A method for producing an electrostatic chuck comprising a 
dielectric for an upper layer, an electrode for a middle layer, and a substrate 
for a lower layer, involving steps of producing a sheet of a Ti02 dielectric for 
the upper layer, a sheet or a paste or a sheet coated with a paste for the 
electrode for the middle layer, an a sheet for the substrate for the lower 
layer; laminating and uniting them; and then firing the laminate in 
atmospheric air. 

6. A method for producing an electrostatic chuck comprising a 
dielectric for an upper layer, an electrode for a middle layer, and a substrate 
for a lower layer, involving steps of producing a sheet of a Ti02 dielectric for 
the upper layer, a sheet or a paste or a sheet coated with a paste for the 
electrode for the middle layer, an a sheet for the substrate for the lower 
layer; laminating and uniting them; then firing the laminate in atmospheric 
air; and further pressure-firing the fired laminate. 

[Detailed Description of the Invention] 
[0001] 

[Industrial Field of the Invention] 

The invention relates to an electrostatic chuck, particularly an 
electrostatic chuck using titanium oxide for the material thereof and a 



production method of the electrostatic chuck. 

[0002] 

[Prior Art] 

Presently, many electrostatic chucks are made of alumina ceramics. 
That is because the alumina ceramics have excellent material properties 
such as high hardness, high elastic modulus, and excellent chemical 
resistance and also they are economical and therefore advantageous for the 
materials for electrostatic chucks. 
[0003] 

[Problems to be Solved by the Invention] 

However, since such an alumina ceramic has a dielectric constant 
not so high, there is a problem that the attraction force for chucking a 
silicon wafer is weak and insufficient for attracting the silicon wafer. 
[0004] 

The attraction force (f) can be calculated as illustrated in Fig. 1 by 
diff-erentiating the electrostatic energy (W) stored between the silicon wafer 
and the electrostatic chuck with the dielectric thickness (t) and can be 
defined as follows. 

W = CV2/2 

C = eoerS/t 

W = (eoerS/2t)V2 

f = -dW/dt = -(EoerCV2/2)d/dt(l/t) =eoerCV2/2ti (kg£'m2) 
(wherein C denotes the electrostatic capacity of a dielectric; V 

denotes the load voltage between a silicon wafer and an electrostatic chuck; 

eo denotes a dielectric constant in vacuum; er denotes a specific dielectric 



constant of the dielectric; and S denotes the surface area of an electrode.) 
[0005] 

As shown in the above-mentioned equalities, the attraction force 
depends on the dielectric constant of a dielectric constituting an electrostatic 
chuck and in the case of alumina, the dielectric constant is not so high as 
about 10, so that the attraction force is not enough. 
[0006] 

Further, in the case of using such an alumina ceramic, Mo and W as 
materials to be used for electrodes cannot be fired in atmospheric air and 
moreover, there is a problem that it is required to use a metal necessary to 
be fired at a temperature as high as 1500°C or higher. 
[0007] 

The invention has been accomplished in consideration of the 
above-mentioned problems of a conventional electrostatic chuck and aims to 
provide an electrostatic chuck with high attraction force by using a ceramic 
with a high dielectric constant in place of a conventional alumina ceramic 
for a dielectric material of the electrostatic chuck and provide a production 
method of such an electrostatic chuck. 
[0008] 

[Means for Solving the Problems] 

In order to achieve the above-mentioned aim, inventors of the 
invention have found that an electrostatic chuck with sufficiently high 
attraction force can be obtained by using titanium oxide for a material for 
the electrostatic chuck since the dielectric constant of the material is as high 
as about 110 and have accomplished the invention based on the finding. 
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[0009] 

The above-mentioned electrostatic chuck comprises a dielectric for 
an upper layer, an electrode for a middle layer, and a substrate for a lower 
layer. Therein, Ti02 (titanium oxide) with a volume resistivity exceeding 
1010 n • cm is used for the dielectric layer and the electrode for the middle 
layer is a Ag-based conductor possible to be fired in atmospheric air (claim 
1). 

[0010] 

The reason why a Ag-based conductor possible to be fired in 
atmospheric air is used for the electrode for the middle layer is: because if 
firing is carried out in an inert gas or a reducing atmosphere, the volume 
resistivity of Ti02, a dielectric for the upper layer, is lowered to be 102 Q. • cm 
or less and thus converted into a conductor and becomes impossible for the 
dielectric to have a dielectric constant exceeding IQio CI • cm; and also 
because a Ag-based conductor with a low firing temperature cannot be used. 
[0011] 

Further, a conductive ceramic of Ti02-M203 (M = Nb, Sb, Ta) with a 
volume resistivity lower than 105 f2 • cm is used in place of the Ag-based 
conductor (claim 2). 
[0012] 

The reason why the conductive ceramic of Ti02-M203 (M = Nb, Sb, 
Ta) is used for the electrode in place of the Ag-based conductor is because 
the firing expansion, the firing shrinkage, the thermal expansion coefficient 
and the thermal shrinkage at the time of use of the dielectric for the upper 
layer is significantly differ from those of the electrode in the case of using a 



same 



IS 



metal such as Ag for the electrode and therefore the conductor of the 
material is used for keeping conformity. Accordingly, the electrode 
provided with preferable adhesion property to the dielectric as compared 
with an electrode of Ag or the like. 
[0013] 

The content of M2O3 in the conductive ceramic is controlled to be 1 to 
5 mol% (claim 3). If M2O3 is less than 1 mol%, the volume resistivity 
exceeds 103 Q. • cm, it is impossible to use the conductive ceramic for an 
electrode. If it exceeds 5 mol%, the thermal expansion difference from that 
of the dielectric for the upper layer becomes significant to make it difficult to 
produce a joined body free from cracking or peeling. 
[0014] 

Ti02 with a volume resistivity exceeding IQio Q • cm is used as the 
substrate (claim 4). That is because it is preferable to use a material same 
as that of a material for the dielectric or the electrode in terms of 
conformability of the above firing expansion and the firing shrinkage, and 
the thermal expansion coefficient and the thermal shrinkage significantly 
change at the of use, although the substrate may be made of ceramics such 
as alumina. 
[0015] 

A method for producing the electrostatic chuck involves steps of 
producing a sheet of a TiOa dielectric for the upper layer, a sheet or a paste 
or a sheet coated with a paste for the electrode for the middle layer, an a 
sheet for the substrate for the lower layer; laminating and uniting them; 
and then firing the laminate in atmospheric air (claim 5). 



[0016] 

In the case the electrode for the middle layer is made of a Ag-based 
conductor, the electrode may be produced either by producing a paste by 
mixing a proper amount of an organic vehicle with a Ag powder or a Ag 
powder containing Pd, kneading the mixture by a three roll mill, and 
screen-printing or applying the paste to the down face of a dielectric for the 
upper layer or to the upper face of a substrate for the lower layer or by 
adding a dielectric layer between the upper layer and the lower layer and 
applying the paste to the top face of the dielectric layer. Further, in the 
case of a conductive ceramic of TiO^-M^Os, either a TiO^-M^Oa sheet may be 
used or a paste of TiO^-M^Os is produced and the paste may be appHed 
similarly by adding a dielectric layer between the upper layer and the lower 
layer and applying the paste to the top face of the dielectric layer. 
[0017] 

Further, a method for producing an electrostatic chuck involves 
steps of producing a sheet of a TiO^ dielectric for the upper layer, a sheet or 
a paste or a sheet coated with a paste for the electrode for the middle layer, 
an a sheet for the substrate for the lower layer; laminating and uniting 
them; then firing the laminate in atmospheric air; and further 
pressure-firing the fired laminate (claim 6). 
[0018] 

That the pressure-firing is added after firing in atmospheric air is 
because if large pores remain in the fired sintered body, dust enters in the 
pores and it may cause a problem on the electrostatic chuck which is 
required to be clean and the pores are lessened and made small by adding 



the pressure-firing step. 
[0019] 

The method for producing an electrostatic chuck of the invention will 
be described more in details. Raw material powders having an average 
particle diameter of 1 pm or smaller and a purity of 97% or higher are used 
for the raw materials. If the powders have an average particle diameter 
larger than 1 ^mi or a purity lower than 97%, large pores with 3 or larger 
size are left in a fired sintered body As a method are employed 
conventional methods such as a doctor blade forming method, an extrusion 
molding method and the like. 
[0020] 

In the case of doctor blade formation, with respect to organic 
additives to be use for the formation, for example, a various types of acrylic 
polymers, methylcellulose, polyvinyl butyral type binders are exemplified 
for a binder. In the case of using acryhc polymers or polyvinyl butyral type 
binders, if the polymerization degree is low, cracking easily.occurs in a sheet 
when the sheet is formed, it is preferable to use acrylic polymers with a 
polymerization degree higher than 500 and polyvinyl butyral with a 
polymerization degree higher than 200. 
[0021] 

Further, with respect to a solvent, although depending on the type of 
binders to be used, in the case of using an acrylic type polymer, toluene, 
xylene, IPA (isopropyl alcohol), ethanol, water and the like are used and in 
the case of using polyvinyl butyral type binders, an organic solvent such as 
ethyl methyl ketone, ethanol, butanol and the like are used. 
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[0022] 

Further, as a dispersant, ethyl oleate, sorbitan monooleate, sorbitan 
trioleate, polycarboxylic acid salts and the like are used and as a plasticizer, 
butyl phthalate and DOP (diethylhexyl phthalic acid) are used. Besides, 
based on the necessity, a pH adjustment agent, a surfactant and the like 
may be added. 
[0023] 

Proper amounts of raw materials to be used at the time of forming, a 
solvent, a dispersant, and a plasticizer are added to one another and 
sufficiently pulverized and mixed by a ball mill or a medium stirring mill. 
To sufficiently pulverize and mix them, pulverizing and mixing time is 
preferably 5 hours or longer. After the mixing, a binder is added further 
and mixed for 1 hour or longer to obtain a slurry. If the mixing time is 
short, the binder and the raw material powders cannot be sufficiently mixed 
and cracking easily occurs in the case a sheet is formed. 
[0024] 

After being subjected to vacuum defoaming to remove foams from 
the slurry and decrease the amount of the solvent in the slurry, a sheet with 
a desired thickness, for example, a thickness of 200 to 1000 |im, is formed 
from the obtained slurry. The viscosity of the vacuum-defoamed slurry is 
preferably about 10 to 1000 poise. If the viscosity is low, the amount of the 
raw material powders is so slight as to easily cause cracking in the case of 
forming a sheet. On the contrary, if the viscosity is high, the fluidity of the 
slurry is deteriorated and the sheet surface becomes uneven. 
[0025] 



In the case of extrusion molding, as a binder is used methylcellulose, 
polyvinyl alcohol, Arabia rubber, paraffin wax or the like. As a lubricant is 
used polyether type synthesized oil or polyoxyethylene oleic acid esters; as a 
plasticizer is used glycerin or the like. Water is used as a solvent. These 
additives and raw material powders are mixed to obtain a slurry and the 
slurry is vacuum-defoamed to form a sheet. 
[0026] 

Sheets produced in such a manner described above are layered and 
united. The method for layering is carried out using, as an adhesive, a 
solvent of such as toluene, alcohol, terpineol, DBP or the like or water, 
spraying it to respective layers for adhesion, and then layering the sheets 
either by heating at about 50 to 100°C and hot-pressing in 2 to 10 kg/cm2 
pressure or by only heating at a normal pressure. 
[0027] 

The layered laminate is heated at 400 to SOO^C for 1 hour or longer 
to remove the binder and the resulting laminate is fired at. 1100 to 1300°C in 
atmospheric air. If the firing temperature is lower than 1100°C, 
densification cannot be promoted sufficiently If it is higher than 1300°C, 
the sintered particles are large and many pores remain. 
[0028] 

The fired sintered body is further subjected to pressure-firing based 
on the necessity in order to further lessen the pores. As a method for 
pressure-firing, HIP firing, hot press firing, atmospheric pressure firing and 
the like are applicable. For example, in the case of HIP firing, HIP firing is 
carried out in atmospheric air, an inert gas atmosphere, or a reducing 
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atmosphere at 800 to 1200°C under 500 kg/cm2. At that time, in the case of 
execution in the inert gas atmosphere or a reducing atmosphere, the volume 
resistivity of a dielectric is lowered to IO2 • cm or lower, the obtained body 
is re-fired at 700 to 1000°C in atmospheric air. At that time, pores larger 
than 3 |jm are almost completely eliminated by farther carrying out 
pressure-firing and that is preferable for an apparatus relevant to 
semiconductors, which is especially required to be clean. 
[0029] 

As described above, if an electrostatic chuck is produced by a method 
as described above, a titanium oxide-based electrostatic chuck having a high 
attraction force and scarcely having pores can be obtained. 
[0030] 
[Examples] 

Hereinafter, the invention will be described more in details with 
reference to Examples of the invention and Comparative Example. 
[0031] 
(Example 1) 

(1) Production of dielectric sheet and substrate sheet 

As a raw material, 1600 g of a titanium oxide powder with 99% 
purity of Ti02 and having an average particle diameter of 0.3 lom or smaller; 
as solvents, 400 ml of toluene and 40 ml of IPA; as a dispersant, 16 g of 
sorbitan monooleate; and as a plasticizer, 32 g of dibutyl phthalate were 
added and they were mixed for 14 hours by a ball mill. After the mixing, as 
a binder, 600 g of an acrylic polymer with a polymerization degree of 950 
and a concentration of 50 wt% was added and further mixed for 4 hours. 
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After the obtained slurry was vacuum-defoamed until the viscosity became 
600 poise, a 0.7 mm-thick sheet was produced from the obtained slurry by £ 
doctor blade method. 
[0032] 

(2) Production of Ag-type electrode 

AAg powder and a Pd powder were mixed in a ratio of 0.65 : 0.35 

and after a proper amount of an organic vehicle was added to the mixture, 
the obtained mixture was mixed and kneaded by a three-roll mill to obtain s 
paste. The paste was applied in a thickness of 20 pm to the top face of the 
produced substrate sheet by a screen printing apparatus to form an 
electrode. 
[0033] 

(3) Lamination and firing 

The produced sheets were punched by a die with a diameter of 130 
mm and via holes for electric communication were formed in the substrate 
sheet bearing the electrode by punching and the via holes were filled with 
the produced Ag-Pd paste. After toluene was applied to the respective 
sheets and one dielectric sheet and three substrate sheets bearing the 
electrode were laminated, the obtained laminate was hot-pressed at 80°C in 
2.5 kg/cm2 pressure. The hot-pressed laminate was heated at 450°C for 3 
hours for removing the binder and then fired at IISO'C for 3 hours in 
atmospheric air. The surface of the obtained sintered body was ground to 
obtain an electrostatic chuck. 
[0034] 

(4) Evaluation 
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A silicon wafer with a diameter of 3 inch and a thickness of 0.5 mm 
was mounted on the top face of the electrostatic chuck and voltage of 500 V 
was applied between the silicon wafer and the electrostatic chuck to attract 
the silicon wafer and the electrostatic chuck was turned upside down while 
attracting the silicon wafer so as to investigate the occurrence of dropping of 
the silicon wafer. The result is shown in Table 1. 
[0035] 
(Example 2) 

(1) Production of dielectric sheet and substrate sheet 

Sheets were produced in the same manner as Example 1. 

[0036] 

(2) Production of Ti02-M203 electrode 

As a raw material, 1600 g of a mixture obtained by mixing a 
titanium oxide powder with 99% purity of Ti02 and having an average 
particle diameter of 0.3 or smaller and niobium oxide powder with 99% 
purity of Nb203 and having an average particle diameter of 0.5 |Lmi or 
smaller in a ratio of Ti : Nb = 0.98 : 0.02; as solvents, 400 ml of toluene and 
40 ml of IPA; as a dispersant, 16 g of sorbitan monooleate; and as a 
plasticizer, 32 g of dibutyl phthalate were added and they were mixed for 14 
hours by a ball mill. After the mixing, as a binder, 600 g of an acrylic 
polymer with a polymerization degree of 950 and a concentration of 50 wt% 
was added and further mixed for 4 hours. After the obtained slurry was 
vacuum-defoamed until the viscosity became 600 poise, a 0.7 mm-thick 
sheet, that is, an electrode, was produced from the obtained slurry by a 
doctor blade method. 
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[0037] 

(3) Lamination and firing 

The produced sheets were punched by a die with a diameter of 130 
mm and via holes for electric communication were formed in the substrate 
sheet by punching and the via holes were filled with the Ag-Pd paste 
produced in Example 1. After toluene was applied to the respective sheets 
and one dielectric sheet, one electrode sheet, and three substrate sheets 
were laminated, the obtained laminate was hot-pressed at 80°C in 2.5 
kg/cm2 pressure. The hot-pressed laminate was heated at 45000 for 3 
hours for removing the binder and then fired at 1130°C for 3 hours in 
atmospheric air. The surface of the obtained sintered body was ground to 
obtain an electrostatic chuck. 
[0038] 

(4) Evaluation 

Evaluation was carried out in the same manner as Example 1. The 
result is shown in Table 1. 
[0039] 
(Example 3) 

(1) Production of dielectric sheet and substrate sheet 

As a raw material, 1600 g of a titanium oxide powder with 99% 
purity of TiOs and having an average particle diameter of 0.3 pm or smaller; 
as solvents, 400 ml of toluene and 40 ml of IPA; as a dispersant, 16 g of 
sorbitan monooleate; and as a plasticizer, 48 g of dibutyl phthalate were 
added and they were mixed for 24 hours by a ball mill. After the mixing, as 
a binder, 600 g of a mixture of acrylic polymers with polymerization degrees 
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of 960 and 1500, respectively, and a concentration of 50 wt% was added and 
further mixed for 4 hours. After the obtained slurry was vacuum-defoamed 
until the viscosity became 300 poise, a 0.6 mm-thick sheet was produced 
from the obtained slurry by a doctor blade method. 
[0040] 

(2) Production of Ti02-M203 electrode 

As a raw material, 1600 g of a mixture obtained by mixing a 
titanium oxide powder with 99% purity of TiOa and having an average 
particle diameter of 0.3 or smaller and niobium oxide powder with 99% 
purity of Nb203 and having an average particle diameter of 0.5 pm or 
smaller in a ratio of Ti : Nb = 0.96 : 0.04; as solvents, 400 ml of toluene and 
40 ml of IPA; as a dispersant, 16 g of sorbitan monooleate; and as a 
plasticizer, 48 g of dibutyl phthalate were added and they were mixed for 24 
hours by a ball mill. After the mixing, as a binder, 600 g of a mixture of 
acrylic polymers with polymerization degrees of 960 and 1500, respectively, 
and a concentration of 50 wt% was added and further mixed for 4 hours. 
After the obtained slurry was vacuum-defoamed until the viscosity became 
300 poise, a paste was produced from the resulting slurry and the paste was 
applied in a thickness of 50 iim to the top face of the produced dielectric 
sheet by a screen printing apparatus to form an electrode. 
[0041] 

(3) Lamination and firing 

The produced sheets were punched by a die with a diameter of 130 ■ 
mm and via holes for electric communication were formed in the substrate 
sheet by punching and the via holes were filled with the Ag-Pd paste 
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produced in Example 1. After IPA was sprayed to the respective sheets and 
one dielectric sheet, one sheet bearing the electrode, and three substrate 
sheets were laminated, the obtained laminate was hot-pressed at 60°C in 5 
kg/cm2 pressure. The hot-pressed laminate was heated at SOCC for 3 
hours for removing the binder and then fired at 1170°C for 6 hours in 
atmospheric air. The resultant sintered body was further fired at a 
temperature of 1010°C and a pressure of 1750 kg/cm^ for 5 hours in Ar 
atmosphere. The sintered body was further heated at 800°C for 2 hours in 
atmospheric air. The surface of the obtained sintered body was ground to 
obtain an electrostatic chuck. 
[0042] 

(4) Evaluation 

With respect to the attraction of a silicon wafer, evaluation was 
carried out in the same manner as Example 1 and the number of pores with 
a size larger than 3 jun in the surface of the electrostatic chuck was 
investigated using a microscope. The results are shown in Table 1. 
[0042] 

(Comparative Example) 

(1) Production of dielectric sheet and substrate sheet 

For comparison, 1600 g of an alumina powder with 99% purity of 
AI2O3 and having an average particle diameter of 0.3 ^m or smaller; as 
solvents, 800 ml of toluene and 80 ml of IPA; as a dispersant, 16 g of 
sorbitan monooleate; and as a plasticizer, 32 g of dibutyl phthalate were 
added and they were mixed for 14 hours by a ball mill. After the mixing, as 
a binder, 600 g of an acrylic polymer with a polymerization degree of 950 
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and a concentration of 50 wt% was added and fiirther mixed for 4 hours. 
After the obtained slurry was vacuum-defoamed until the viscosity became 
600 poise, a 0.7 mm-thick sheet was produced from the obtained sluny by a 
doctor blade method. 
[0044] 

(2) Production of electrode 

After a proper amount of an organic vehicle was added to a Mo 
powder, the obtained mixture was mixed and kneaded by a three-roll mill to 
obtain a paste. The paste was applied in a thickness of 20 im to the top 
face of the produced substrate sheet by a screen printing apparatus to form 
an electrode. 
[0045] 

(3) Lamination and firing 

The produced sheets were punched by a die with a diameter of 130 
mm and via holes for electric communication were formed in the substrate 
sheet bearing the electrode by punching and the via holes were filled with 
the produced Mo paste. After toluene was applied to the respective sheets 
and one dielectric sheet and three substrate sheets bearing the electrode 
were laminated, the obtained laminate was hot-pressed at 80°C in 2.5 
kg/cm2 pressure. The hot-pressed laminate was heated at 450»C for 3 
hours in N2 for removing the binder and then fired at 1580°C for 1 hour : 
H2-N2. The surface of the obtained sintered body was ground to obtain 
electrostatic chuck. 
[0046] 

(4) Evaluation 



' m 
an 



17 



Evaluation was carried out in the 
result is shown in Table 1. 
[0047] 
[Table 1] 



same manner as Example 1. The 



Material of electrostatic chuck 



Example 




Dielectric 



Ti02 



Ti02 



Electrode 



Comparative 
Example 



AI2O3 



Ag-Pd 
Ti02-Nb20 



Ti02-Nb20 

5 




Substrate 
Ti02 
Ti02 
Ti02 



Silicon wafer 
was not 
dropped 
Silicon wafer 
was not 
dropped 
Silicon wafer 
was not 
dropped 



The number 
of pores 




Silicon wafer 
was dropped 



3 fim > 
2 pores/mm2 



[0048] 

As bain, oaade clear fro. 1. in Example. 1 to 3, aioca 1,0. 

7"^^"^^"°''>'"^'™»-'''^°P-^off*ee,e.™ta«echuc^ 
even ,f the e.ect^tatic chucks were tnn,ed upside down 

[0049] 

Further, in Example 3, the number of 



m in the surface of the electrostatic chuck 
pores/mm2 and thus the electrostatic chuck 

apparatus relevant to semiconductors. 
[0050] 



pores with a size larger than 3 
was as extremely few as 2 



was sufficiently usable for 



an 



On the other hand, in the 



case of an electrostatic chuck out of the 
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scope of the invention that i= ;„ .u 

»n. that m the case of an electrostatic chuck 

-p™i„,aaie,ectHc,a,er for „hich..O, was nsed, the Silicon wafer was 

^"Pped When the electrostatic chuck was tu„,ed upside down 

[0051] 

[Effects of the Invention] 

AsdescHMaho.,ifane,ectrostaticchuckisproducedh.an.ethod 
n^e.nvent.on, Since™. withahi^hdieiectHcconstantisusedforthe 
--■a.er,ane,ectrostaticchuckwithahi.hattractionforcecanr 
-a.ned..urther,sinceaceran.icofa.ateria,san.easthoseofa 

--an-su.tratecanheusedforaneiect„deinp,aceofan.eta, 
; "~ *e respective ,a,e. of a 

.eiectnc,.e,ectrode,andasuhstratearefur.herdense.^ 

' — — r.n.canhecar.edouti„at.ospherica„ the 

electrostatic chuck can be obtained economically. 



19 



[Fig. 1] 

BM'f- ^y^: electrostatic chuck 

y r! silicon wafer 

MMi^: dielectric 

mms) : electrode (surface area 
substrate 
llffi: voltage 
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[Written Amendment] 

[Date of Submission] Nov. 7, 1994 

[Amendment 1] 

[Name of Object Document of Amendment] Specification 

[Name of Object Item ofAmendmentJ Brief Description of the Drawings 

[Amendment Method] Addition 

[Contents of Amendment] 

[Brief Description of the Drawings] 

Fig. 1 is a cross-sectional view of an electrostatic chuck according to 
the invention 

[Description of Symbols] 

t: thickness of dielectric 

S: surface area of electrode 

V: load voltage between silicon wafer and electrostatic chuck 
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dielectric 



electrode 
(surface area S) 
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